A 40-year-old womanwas admitted with altered consciousness and hyperammonemia after she had delivered her first baby. DNAanalysis of the citrin gene and enzymatic assay of argininosuccinate synthetase in the liver led to a diagnosis of adult-onset type II citrullinemia (CTLN2). She was also found to have hepatocellular carcinoma (HCC)and underwent palliative surgery consisting of partial liver section of the HCC. Delivery may be a trigger for the development of CTLN2,while certain pathologic conditions associated with citrin gene abnormality are likely to induce hepatocellular carcinomain patients with this disorder. (Internal Medicine 42: 978-982, 2003) 
Introduction
Citrullinemia is a rare autosomal recessive disease caused by a deficiency of argininosuccinate synthetase (ASS), one of the five urea cycle enzymes mainly located in the liver (1) . This disorder can be classified into three types based on enzyme abnormality.
The neonatal/infantile form (CTLN1) is known to be caused by mutations of the ASSgene, whereas there are no apparent abnormalities in hepatic ASSmRNA or within the ASS gene locus of patients with adult-onset type II citrullinemia (CTLN2) (2) . Recently, citrin (SLC25A13 gene), which appears to be a calcium-dependent mitochondrial solute transporter with a role in the urea cycle function, has been identified as a causative gene of CTLN2 (3).
Patients with CTLN2show various neurological manifestations closely resembling those of hepatic encephalopathy, and chronic pancreatitis, hypertriglyceridemia and hepatocellular carcinoma (HCC)are knownto be complications of this disease (4, 5). In addition, it has been noted that individuals with the mutated citrin gene suffer transient intrahepatic cholestasis in the neonatal period or early infancy (6, 7).
Here, we report a case with CTLN2whodeveloped the disease soon after delivery and was found to have HCCwithout liver cirrhosis.
Case Report
The patient was a 40-year-old Japanese womanwithout any specific family history, past medical treatment or alcohol abuse. She had been very fond of nuts since childhood. In October 2000, after the normal delivery of her first son in a nearby hospital, she developed disturbance of consciousness accompanied by abnormal behavior. In December she became somnolent and was admitted to another hospital. Laboratory findings revealed a highly increased concentration of plasma ammonia (187 jug/ml; normal <66) and citrulline (373.4 nmol/ml; normal 17-43). She was diagnosed as having hepatic encephalopathy due to hypercitrullinemia. Her consciousness subsequently cleared and she was transferred to our hospital on December 22, 2000.
At the initial examination, she was 156 cm tall and weighed 38.5 kg. Her mood was slightly unstable and a mild flapping tremor was evoked, but other physical and neurological findings were normal. Laboratory findings showed increased levels of plasma ammonia (71 jug/ml; normal <66), citrulline (377.0 nmol/ml; normal 17-43), and arginine (258.2 nmol/ml; normal 54-130). Serum concentrations of <20) and protein induced by vitamin K absence-II (PIVKA-II) (466 mAU/ml; normal <40) were also elevated. However, routine liver function test results, including those for transaminases, were normal, and neither HBs antigen nor HCV antibody was positive. Abdominal computed tomography (CT) revealed a solid mass lesion in segment 6 (S6) of the liver (Fig. 1A) . It also showed early enhancement of contrast mediumin the arterial phase and subsequent washout in the portal phase, and the mass was clearly visualized by hepatic artery angiography (Fig. IB) . Gene analysis of citrin was performed and the existence of a homozygote for IVSll+1G>Amutation was proven. The patient was diagnosed with CTLN2and HCC.To enable her to qualify for cadaveric liver transplantation, the HCC CTLN2(3, 8) . The diagnosis for our case was confirmed by the analysis of both DNAand hepatic ASS activity. The age of onset of CTLN2ranges from ll to 72 (9), with a sudden onset of disturbed consciousness, expressed as, for example, disorientation, restlessness and drowsiness, being common initial symptoms(4). Once symptomsappear, most patients develop rapidly progressing encephalopathy and finally die of severe brain edema within a few years of onset (Table 1 ). In the present patient, the long-term use of medication producing glucose loading and protein-restricted nutrition exacerbated the fatty liver and liver dysfunction. Her liver function had reached its limits. As a result, she suffered repeated occurrences of loss of consciousness and eventually died of cerebral edema associated with hepatic failure. Although the exact mechanism that leads to the development of CTLN2has not yet been identified, several reports have suggested that certain forms of stress, including infection, hormonal factors, and drugs, might be a trigger for this disease (10-12). There has been no previous report, however, of a patient whose CTLN2 started soon after delivery.
Pregnancy and/or delivery are potentially stressful and are accompanied by rapid changes in the hormonal environment.
It is therefore quite reasonable to assume that the pregnancy and/or the delivery may have induced the symptoms of CTLN2 in this case. The present patient was unique in that she had an HCC when she developed the clinical picture of CTLN2. A high incidence (about 8 to 14%) of HCC has been reported for CTLN2 patients (13) , and all those with HCC had two other characteristics: they were relatively young when they developed HCC and lacked any underlying cirrhotic disorder (14) . Both of these features were also observed in our patient, while she had no history of hepatitis-related viral infection or exposure to substances known to induce HCC such as thorium dioxide (Thorotrast).
Excessive citrulline promotes the uptake of [6-3H] thymidine (TdR) in hepatocytes and it is thought that this increased uptake can be ascribed to hepatocyte proliferation caused by the enhancement of DNA s ynthesis, which may lead to hepatocarcinogenesis (14) .
Fatty liver is usually seen in CTLN2 (4). Nonalcoholic steatohepatitis (NASH) is also characterized by fatty change of the liver, and progress to cirrhosis and HCC (15) . Free fatty acids then accumulate in the liver through altered fat homeostasis, and oxidative stress and lipid peroxidation may play a role in liver damage seen in NASH. In the case of CTLN2, the oxidative stress or lipid peroxidation in the fatty liver may be one of the causes of HCC.
In classical type citrullinemia (CTLN1), the histopathological findings consist mainly of mitochondrial abnormalities with fatty changes in liver tissue like CTLN2 (16).
However, there are few reports of CTLN1 complicated with HCC. A recent study of neonatal intrahepatic cholestasis has shown that individuals with a mutated citrin gene start to suffer from metabolic abnormalities in hepatocytes from birth (5): in addition to cholestasis, hypoproteinemia, galactosemia and hypoglycemia have also been observed in small numbers of these neonates (17) . It has therefore been suggested that in patients with CTLN2 the long-term presence of all these pathologic conditions including hypercitrullinemia and oxidatiye stress induce HCC without preceding hepatitis or cirrhosis. Finally, with reference to the treatment of CTLN2, the present patient did not qualify for cadaveric liver transplantation because her HCC exceeded 3 cm. TAE for HCC and tumor resection were therefore performed first, after which she was placed on the waiting list for a liver transplant from a cadaveric donor. All conservative medical treatments have been shown to be unsatisfactory (9) and liver transplantation is now considered the only effective treatment for patients with this disorder (4, 18, 19) . More than 20 patients underwent this operation, including living-related partial transplantation, and most of them could return to their previous social lives (4). To save patients with CTLN2, it is essential that liver transplantation be performed before irreversible brain 3) Kobayashi 
